Decomposition Mechanisms
Figure S 1. (a) Urotropine decomposes into formaldehyde and ammonia at high temperature. (b) Simplified scheme of the decomposition process of glucoses in acidic environment yielding levulinic acid and formic acid as final decomposition products. The degradation products in brackets are proposed by means of 13 C NMR spectroscopy.
Name Reactions and Reaction Pathways
Figure S 2: Schematic representation of the various reaction steps and the conditions during precursor decomposition leading to a diversity of structural motifs. Lactame compound "StaedelRügheimer"-type pyrazine synthesis
Typical reaction mechanisms that may occur involve the Amadori rearrangement of aldoses [1] . It includes the nucleophilic attack of ammonia on the aldehyde group of glucose to produce an hemiaminal that over dehydration yields the aldoimine (Schiff base [2] ) (Fehler! Verweisquelle konnte nicht gefunden werden. and Fehler! Verweisquelle konnte nicht gefunden werden.). Aldoimine is in equilibrium with 1,2-enaminol (imine-enamine tautomerism). Keto-enol tautomerism of 1,2-enaminol leads to the aminoketose or so-called Amadori compound [1a, 3] . Via Heyns rearrangement, ketoses (e.g. D-fructose) react in presence of ammonia and over dehydration into ketoimines (Schiff base). Ketoimine is in equilibrium with 1,2-enaminol according to imine-enamine tautomerism. 1,2-Enaminol itself is converted into aminoaldose via keto-enol tautomerism [1b] . The Leuckart-Wallach reaction (reductive amination) describes the conversion of an aldehyde or a ketone compound to amine compounds using formic acid as reducing agent [4] . The EschweilerClarke reaction can be considered as a special case of the Leuckart-Wallach reaction. The difference is that only formaldehyde is used that leads to a methylated amine compound [5] .
The Mannich reaction is a condensation process in which formaldehyde, ammonia as well as a α-CH-acidic compound (aldehyde, ketone) react after several steps to the β-amino carbonyl compound ("Mannich base") over dehydration [6] . The "Schotten-Baumann"-type reaction of carboxylic acids in the presence of ammonia generates ammonium carboxylate compounds. Upon temperature rise and simultaneous dehydration carboxylic acid amides are formed [7] . Cyclization reactions are also possible. The Paal-Knorr furan and pyrrole syntheses start from 1,4-diketone compounds in which two different cyclization reaction pathways are possible depending on the pH. Under alkaline conditions, in the presence of ammonia, the pyrrole synthesis is preferred [8] whereas the furan synthesis occurs in an acidic medium [9] . Due to its strong reductive force 1-deoxyglucosones are the most reactive Maillard intermediates. A multitude of follow-up products occur, such as cyclic products. After intramolecular cyclization of 1-deoxyglucosone into a pyran-like compound it reacts after β-elimination into a pyrone compound [1b] . Further ring-opening reaction with ammonia and subsequent ring-closing reaction by dehydration the pyridone compound is obtained. 1-Deoxyglucosone also forms a furan-type compound after intramolecular cyclization. Dehydration leads to the intermediate acetylformoine. In the presence of ammonia, pyrrole compounds are produced following the same ring-opening and ringclosing reactions as aforementioned [1b] . Lactones are one of the main products to be found in alkaline medium [10] . Their formation can be attributed to intramolecular cyclization of saccharinic acids (e.g. glucosaccharinic acid) over dehydration. Lactame compounds are obtained by the reaction with ammonia via ring-opening and ring-closing reactions [11] .
Pyridine compounds are accessible by the condensation reaction of keto acids or aldehydes with ammonia under high pressure and temperatures in an autoclave (Chichibabin pyridine synthesis) [12] . Pyrazine structural motifs are formed during Strecker degradation. After keto-enol tautomerism to the α-amino carbonyl compound (e.g. Amadori compound), cyclization and oxidation, pyrazine compounds are synthesized, particularly at higher temperatures [1b] . This reaction can be assigned to a variant of the StaedelRügheimer pyrazine synthesis [13] .
Besides, in alkaline medium the enhanced carbonyl activity triggers fragmentations. Two non-oxidative mechanisms are known, the retro-aldol fragmentation and the hydrolytic β- Retro-aldol reactions of glucose leads to glycolaldehyde and erythrose via 1,2-enolization ( Figure S 3 (a) ). Those structures with high reductive force such as 1-deoxyglucosone or glucosone are prerequisite for tautomerization of sugars in a β-dicarbonyl structure. After hydratization of the β-dicarbonyl structure the carbonyl group causes the cleavage of the carbon skeleton yielding acetic acid and erythrulose ( Figure S 3 (b) ) [1b] . Reducing sugars exhibit a strong reducing capacity in alkaline medium. The reason for this is the facile deprotonation from enediols. In enediolates the negative charge is distributed over four centers, hence the hydroxyl group chelates (Figure S 4) .
Figure S 4. Enediolates and their reducing effect under alkaline conditions.
In fact, the enediolates are the reducing species. Depending on the conditions used such as pH or temperature they lead to oxidation while preserving or fragmenting the carbon skeleton [1b] . In case of working under strong alkaline conditions, at pH ≥ 12, not only the formation of lactic acid increases but simultaneously also the production of saccharinic acid and their lactones typically occurs (Figure S 5) [1b, 10] . However, the total amount of < C6 acids such as formic acid, glyceric acid or glycolic acid decreases [10b, 14] . After hydratization of α-dicarbonyl compounds, benzilic acid-type rearrangements occur [10b, 14a] .
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By normalizing the elemental composition to the HTC yield the mass loss as function of the different molar ratios of glucose to urotropine and their composing elements can be followed. Major part of the diminishing of HTC yield is not only accompanied by a decrease of the carbon content but also by oxygen loss. The loss of the carbon content can be explained by the transformation of glucose into the final degradation products levulinic, acetic and formic acid or dihydroxyacetone that is in accordance with the HPLC measurements in section "Results and Discussion" [15a, 16] . The liquid supernatant (liquefaction) and volatile side products (gasification), which are concurrent parallel reactions to the hydrothermal carbon process, are formed in a greater or lesser extent [17] . If only glucose is used as starting material, theoretically a yield of about 60 % could be reached due to the dehydration steps of the decomposition process of glucose to form HTC since a molecule of glucose eliminates four water molecules, which make up 40 % of the starting mass as explained in the introduction and elsewhere [15a, 18] . However, a yield of only 16 % was obtained for a hydrothermal carbon material based on pure glucose. Maximal HTC yield of ca. 42 % was obtained for a glucose/urotropine mixture. Computed and experimental gas phase infrared spectra of furan Figure S 19. Experimental gas phase (red line) and calculated (B3LYP+D3/def2-TZVP with scaling factor of 0.97, grey line) infrared spectrum of furan. Experimental IR spectrum of furan was obtained from NIST Chemistry WebBook [19] .
FTIR Spectroscopy
The discrepancy between the positions of computed and experimental IR bands is smaller than 30 cm -1 (for most bands the difference is in the range of 2-15 cm -1 ). Computed intensities of the IR bands reproduce experimental intensities well. The bands of the experimental gas phase IR spectrum exhibit the rotational structure with clearly visible Q, P, and R branches of the lowest two bands. In addition to fundamental bands found in the experimental spectrum, overtones and combination bands are present in the region of 1500-3000 cm -1 . The detailed analysis and band assignment of the infrared spectrum of furan in the gas phase can be found elsewhere [20] . The band at about 605 cm -1 of high intensity (calc. 603 cm -1 ) is the out-of-plane ring bending (C-O-C bend out of plane). The next very strong band at 745 cm -1 (calc. 734 cm -1 ) corresponds to symmetric C-H bend out of plane of all hydrogen atoms. The band at about 870 cm -1 (calc. 863 cm -1 ) is the in-plane C-O-C ring bending. Another strong band appears at about 995 cm -1 (calc. 984 cm -1 ) and indicates C-H bend in plane (C-H scissoring). Two bands at 1070 cm -1 (calc. 1057 cm -1 ) and 1180 cm -1 (calc. 1158 cm -1 ) correspond to symmetric and asymmetric C-O bond stretching, respectively. A weaker band is found at about 1380 cm -1 (calc. 1370 cm -1 ) and it corresponds to aromatic C3=C4 bond stretching. At about 1490 cm -1 (calc. 1461 cm -1 ) lies the band that can be assigned to symmetric C2=C3 bond stretching. The highest lying band of low intensity (exp. 3140 cm -1 , calc. 3143 cm -1 ) is the asymmetric aromatic C-H bond stretching. These benchmark simulations of the vibrational spectrum of furan show that the computed DFT spectra are in good agreement with experiment. 
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